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ULTRASONIC FLOW SENSOR HAVING A TRANSDUCER 
ARRAY AND REFLECTIVE SURFACE 

DoGcription F/e/rf Of The Invention 

The present invention relates to an ultrasonic flow sensor, in particular for measuring the 
volumetric or mass flow of a fluid , according to th e pr e ambl e of Patent Claim L . 

Background Information 
5 Ultrasonic flow sensors are used in particular for measuring the volumetric flow or mass flow 
or the flow rate of a gaseous or liquid medium flowing through a pipe. A typical ultrasonic 
flow sensor includes two ultrasonic transducers in offset position in the direction of flow, the 
transducers generating ultrasonic signals and emitting them to the other ultrasonic transducer, 
which receives them. As a function of the emission direction, the ultrasonic signals are either 
1 0 accelerated or decelerated by the flow. The ultrasonic signals are therefore received by the 
two transducers after different propagation times. An analysis electronic system is finally 
able to calculate the desired measured value from the propagation time difference of the 
ultrasonic signal in the direction of flow and of the ultrasonic signal in the opposite direction. 

Another type of ultrasonic flow sensor utilizes the effect of beam drift. Normally, this type 
1 5 includes two transducer arrays positioned opposite from one another on a pipe (series 

positioning of a plurality of transducers), one of which functions as an emitting array and the 
other as a receiving array. The emitting array sends an ultrasonic signal to the opposite 
receiving array where the signal is detected. If a fluid flows through the pipe at a flow rate v, 
the sound waves emitted transverse to the direction of flow are carried along by the flow and 
20 thus diverted in the direction of flow (beam drift). The structure of such an ultrasonic flow 
sensor having two transducer arrays is relatively expensive and complex. 

Siimmai~v Of The Invention 

It is therefore the object of the present invention to devise an ultrasonic flow sensor which 
functions according to the principle of beam drift, which has a simple structure and may be 
25 implemented in a substantially more cost-effective manner. 

This obj e ctiv e is achiev e d according to th e pr e sent invention by the features sp e cified in 
Patent Claim 1. Additional e mbodim e nts of th e pr e s e nt inv e ntion ar e th e obj e ct of subclaims. 
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An essential aspect of the present invention is to implement an ultrasonic flow sensor having 
only a single transducer array and a reflective surface lying opposite from the array and to 
operate the flow sensor in such a way that the transducer array emits ultrasonic signals to the 
opposite reflective surface and again receives the reflected signals. The extent of beam drift is 
5 a measure of the flow rate of the flowing medium. An essential advantage of this flow sensor 
is that only a single transducer array is necessary and it is possible to manufacture such a 
sensor in a manner which is cost-effective in particular. 

In this case, the term "transducer array" is understood in particular to be a series made up of a 
plurality of ultrasonic transducers, preferably situated directly adjacent to one another. The 
10 individual transducers are preferably positioned in alignment and generate, for example, flat 
or cylindrical ultrasonic waves. However, the transducer array may also be designed in such a 
way that spherical, ellipsoidal or otherwise curved wave fronts are generated. 

The transducer array according to the present invention is preferably pulse operated. This 
means that the individual ultrasonic transducers of the transducer array are electrically 
excited by pulses and generate a corresponding ultrasonic signal which after its propagation 
time - which is essentially a function of the pipe diameter and the sound velocity in the fluid 
- is again received by the transducers. 

■ 

The frequency of excitations per unit of time, i.e., the number of ultrasonic signals that pass 
through the measuring path simultaneously, is in principle freely selectable. In this 
connection, it must only be taken into consideration that conventional transducers are unable 
to emit and receive simultaneously and thus emitting and receiving may not coincide at one 
point in time. 

The sensor may be operated according to a first operating mode, e.g., similar to the "sing- 
around" (Note: sing-around normally refers to the fact that the propagation time is measured) 
25 method, in which the reception of an ultrasonic signal at the transducer array triggers the 

generation of a new ultrasonic signal. As a result, the ultrasonic signals constantly move back 
and forth. 

According to a second operating mode, an oscillator periodically triggers the generation of 
the ultrasonic signals in such a way that a new ultrasonic signal is always emitted after an 
30 ultrasonic signal is received. 

According to a third operating mode, the transducer array is activated in such a way that it 
emits a sequence of a plurality of ultrasonic signals within a turnaround time (i.e., the time an 
ultrasonic signal would need to travel from the transducer array to the reflective surface and 
back). In this case, even before the first of the ultrasonic signals has again reached the 
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transducer array, at least one additional signal is coupled into the measuring path. This makes 
it possible to substantially increase the number of measurements per unit of time and 
accordingly also increase the measuring accuracy, the measuring time compared to n single 
measurements being significantly shorter. The difference in time between the single 
5 ultrasonic signals of a sequence must be selected in such a way that a transducer is ready to 
receive, i.e., is not operating in emit mode when a reflected ultrasonic signal arrives at the 
transducer. 

The ultrasonic flow sensor preferably includes an emission electronic system enabling the 
single ultrasonic transducers to be excited individually and independently of one another. 

10 This makes it possible to set the path differences of the individual signals emitted by the 

ultrasonic transducers in such a way that a global ultrasonic wave having a specifiable wave 
front arises through interference. It is thus possible, for example, to generate an essentially 
cylindrical or spherical wave front that is reflected on the opposite reflective surface and 
again impinges on the transducer array in a focused condition. In this case, the reflective 

15 surface may simply be a part of the inside wall of the pipe without the necessity of a special 
adaptation to the wall. 

According to another embodiment of the present invention, the individual transducers of the 
transducer array are excited synchronously so that interference of the individual signals 
produces a wave having a flat wave front. In this case, the reflective surface is preferably 
20 curved in such a way that the flat wave is focused and impinges bundled on the transducer 

array. In order to impede the flow as little as possible, the reflective surface should moreover 
be designed in such a way that it offers little resistance to the flow and generates no 
turbulences. To this end, the reflective surface may, for example, be implemented as a bulge 
in the inside wall of the pipe. 

25 According to another embodiment of the present invention, a screening device is provided on 
the side of the reflective surface which causes the portion of the ultrasonic signal that 
impinges on the screening device not to be reflected back to the transducer array or only in 
attenuated form. The screening device may, for example, be implemented in such a way that 
the ultrasonic signal impinging on it is absorbed, scattered or reflected out of the sound path 

30 of the useful signal. As a result, an intensity pattern is depicted on the transducer array, the 
boundaries of which are relatively sharp and may thus be readily detected. 

The screening device may, for example, be an area of the inside wall surface, which is, for 
example, roughened or provided with fine grooves in order to scatter the ultrasonic signal 
diffusely. For flow reasons, the grooves are preferably aligned with the direction of flow. 
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The transducer array is preferably mounted flush with the inside wall of the pipe. As a result, 
the flow of the fluid is not disturbed and in particular no turbulences occur. 

Furthermore, the transducer array according to the present invention is preferably mounted in 
the upper half of a pipe. This has the advantage that only a small amount of dust or suspended 
5 matter is able to collect at the transducer array. If the transducer array and the reflective 

surface are situated laterally opposite from one another on the pipe, both elements are subject 
to relatively little contamination. 

Preferably, the ultrasonic flow sensor includes an emission and receiver electronic system 
which excites the transducer array in the desired manner and detects and evaluates the 
10 reflected ultrasonic signal. 

Th e pr e s e nt inv e ntion will b e e xplain e d in gr e ater d e tail b e low by way of e xampl e with 
r e f e rence to the app e nd e d drawing. 

Brief Description Of The Drawings 

Figure 1 shows a schematic view of an ultrasonic flow sensor according to a first 

1 5 embodiment of the present invention^-. 

Figure 2 shows a schematic view of an ultrasonic flow sensor according to a second 

embodiment of the present invention^-and. 

Figure 3 shows a schematic view of an ultrasonic flow sensor according to a third 

embodiment of the present invention. 

20 Detailed Description 

Figure 1 shows an ultrasonic flow sensor for measuring the volumetric or mass flow of a fluid 
1 flowing through a pipe 3 . The flow sensor essentially includes an ultrasonic transducer 
array 2 of a plurality of individual ultrasonic transducers 2a through 2n in the form of parallel 
strips, each of which generates ultrasonic signals and emits them to a reflective surface 4 

25 opposite to them. Interference of the individual signals produces a global wave front 7, which 
is propagated through flowing fluid 1 transverse to the direction of flow, is reflected on 
reflective surface 4 and again impinges on transducer array 2. The position of scanning point 
P is a measure of flow rate v of fluid 1 . 

In this exemplary embodiment, individual ultrasonic transducers 2a through 2n of transducer 
30 array 2 are activated separately, so that, due to the path differences of the individual signals, 
an approximately cylindrical wave front 7 curved concavely in the direction of flow arises, 
edge areas 8 of the wave front impinging on reflective surface 4 first. This focuses wave 7 
and it impinges on transducer array 2 at point P in an essentially linear form. As a function of 
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flow rate v, scanning point P moves more or less strongly in direction of flow 12 (effect of 
beam drift). The beam path at a higher flow rate v is denoted by dashed lines and a scanning 
point P\ 

At the top right, Figure 1 shows intensity distribution 10 or 10' of a received ultrasonic signal 
5 9 at various flow rates v. At a low flow rate (or without flow), an intensity distribution 10 is 
produced at transducer array 2, the maximum of which is roughly in the center of transducer 
array 2. At a high flow rate, this maximum moves closer to the edge of transducer array 2. 
The associated intensity distribution of the sound intensity is denoted here by reference 
symbol 10 f . A receiver electronic system 6 evaluates the ultrasonic signal detected at 
1 0 ultrasonic transducers 2a through 2n and calculates the desired measured value from it. 

In this exemplary embodiment, reflective surface 4 is only a section of the inside wall of the 
pipe opposite transducer array 2. In order to improve the reflection properties, it would be 
possible, for example, to polish the inside wall of the pipe in the area of reflective surface 4 
or provide it with a special reflective layer. 

15 In this case, transducer array 2 is placed at the top of pipe 3 to prevent dust or suspended 

matter from collecting at the transducer array. As an alternative, it would also be possible to 
mount transducer array 2 on the side of pipe 3 so that the reflective wall area also lies to the 
side of pipe 3 and would consequently be less contaminated. 

Figure 2 shows a schematic representation of another embodiment of an ultrasonic flow 
20 sensor having a single transducer array 2 and an opposite reflective surface 4. Emission and 
evaluation circuits 5 and 6 have been omitted for the sake of clarity. Identical components are 
denoted by identical reference numerals. 

In this exemplary embodiment, single ultrasonic transducers 2 a through 2n of transducer 
array 2 are activated in such a way that interference of the individual signals causes a flat 
25 wave front 7 to be formed, which runs in the direction of reflective surface 4. Reflective 
surface 4 is curved in such a way that ultrasonic signal 19 is focused and impinges on 
transducer array 2 in an approximately linear or punctiform manner. Precise punctiform 
focusing is not absolutely necessary. 

In the exemplary embodiment of Figure 2, reflective surface 4 is designed as a bulge in the 
30 wall of pipe 3 in order not to impede the flow of fluid 1 and in particular to induce as little 
turbulence as possible. 

Figure 3 shows another embodiment of an ultrasonic flow sensor having a single transducer 
array 2 and an opposite reflective surface 4. In this exemplary embodiment, the extension of 
reflective surface 4 is smaller than the length of transducer array 2. A screening device 1 1 is 
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provided adjacent to reflective surface 4, the screening device attenuating or filtering the 
incident sound signal. This means that the portion of an ultrasonic signal 39 impinging on 
screening device 1 1 is not reflected back to transducer array 2 or is reflected back only in 
attenuated form. Screening device 1 1 may, for example, be implemented as a wall area 
having a surface which is rough in particular or, for example, as an area of the inside wall of 
the pipe provided with grooves. 

A pattern having high sound intensity is thus produced at transducer array 2 caused by the 
part of signal 39 reflected on reflective surface 4 and one having low sound intensity is 
produced by the part of signal 39 attenuated at screening device 1 1 . The boundaries of this 
pattern move in turn as a function of flow rate v of fluid 1 . It is possible in turn to determine 
the desired measured value from the position of the pattern. 



NY01 1208988 vl 



6 



MARKED-UP COPY 



Abstract Of The Disclosure 
An ultrasonic flow sensor is used in particular for measuring the volumetric or mass flow of a 
fluid (4r)-in a pipe-(3). The sensor includes at least one ultrasonic transducer (2a through 2n) 
which is capable of emitting and receiving ultrasonic signals-^. An ultrasonic flow sensor, 
5 having in particular a simple and cost-effective construction and which functions according to 
the principle of beam drift, includes an array (2)-of a plurality of ultrasonic transducers (3a 
through 2n) w hich is positioned on one side of the pipe-(3), a reflective surface £4)-lying 
opposite the array (2)-on which the emitted ultrasonic signals (7)-are reflected, and a receiver 
electronic system (6)-which evaluates the ultrasonic signal (9)-received from the ultrasonic 
1 0 transducers (2a through 2n) . 

Figur e 1 
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